The method for sulfamethazine using post column derivatization (Associate Referee Robert Smallidge) was adopted First Action in 1999. There are a number of methods which could be readied for collaborative study with relatively little work, i.e., carbadox, ethopabate, lasalocid, or morantel tartrate. In addition to the remarks made for the following Associate Referee topics, readers can refer to the 1999 General Referee Report published in J. AOAC Int. 83, 505(2000) for more information.
Selected Associate Referee Topics

Amprolium
Associate Referee Fred Armstrong (Canadian Food Inspection Agency) replaced Nancy Britton as Associate Referee for this topic. An ion-pair reversed-phase liquid chromatographic (LC) method for the determination of amprolium in complete feeds and premixes (1) has been used successfully in the former Associate Referee's laboratory for more than 12 years. The same method, with a modified mobile phase, has been used at the Canadian Food Inspection Agency for 6 years. The recipe for the modified mobile phase is acetonitrile-methanol-water (50 + 10 + 40) with 7.5mM dioctylsulfosuccinate (DOSS), 10mM CaCl 2 , and 0.5% acetic acid. The column used with the alternate mobile phase is an Inertsil ODS-2, 5 µm, 250 × 4.6 mm. Both the original and the modified mobile phases have disadvantages. The original suffers from peak splitting when elution strength or injection size are increased. The modified version uses CaCl 2 which may be corrosive to stainless steel. The Associate Referee proposes an investigation of the applicability of some of the newer, more inert LC columns, with the aim of simplifying the mobile phase.
Chlortetracycline, LC Method
Associate Referee Richard Larson (South Dakota State University) continues on optimizing the method for Chlortetracyline by LC (2) . In the aqueous portion of the mobile phase, the concentration of disodium EDTA and calcium chloride have been changed from 0.025 to 0.020mM and 0.050 to 0.055mM, respectively while the sodium acetate concentration remains at 100mM. All other mobile phase preparation steps remain the same. These changes have maximized detector response while reducing potential backpressure problems. An additional change to the method is that test sample extracts are now diluted to contain at least 50% water in the final solution. This provides a solvent composition closer to the mobile phase, and by filtration through 0.45 µm filter materials, which could potentially clog the LC column, are removed from the solution. A collaborative study of the method is anticipated.
Monensin, Narasin and Salinomycin, LC Method
Associate Referee Harold Campbell (Canadian Food Inspection Agency) reports that a joint ISO/AOAC collaborative study of a LC method using post column derivatization, similar to AOAC Method 997.04 for monensin, is planned. The method protocols have been approved by both organizations, and the study is expected to occur in the fall of 2000. The scope of the study will be for trace levels (1-2 mg/kg), complete feeds, liquid supplements, mineral premixes and concentrated drug products. One modification to the monensin method is in the extraction of mineral premixes; some matrixes are acidic and control of the extract pH is important to prevent analyte degradation and peak splitting. Addition of sodium bicarbonate to the test portion, e.g., 2 g/5 g or 5 g/20 g test portion will maintain the pH close to neutral.
Nifursol
Associate Referee Ellen Jan De Vries (Solvay Pharmaceuticals BV, The Netherlands) reports that the Commission of the European Community granted Solvay Pharmaceuticals Brand Specific Approval for Salfuride 50 DF in Commission Regulation No. 2430/1999 of Nov. 16, 1999, linking the authorization of certain additives belonging to the group of coccidiostats and other medicinal substances in feeding stuffs to persons responsible for putting them into circulation.
Salfuride 50 DF is the commercial name for a dry preparation with 50% nifursol. In the submitted monograph, the high-pressure liquid chromatography (HPLC) method to determine the content of nifursol in feeds is referenced (3) . At this time no further action is planned on the method for nifursol.
Sulfadimethoxine and Ormetoprim
Associate Referee position is vacant. Suggested changes to the LC method (4) were made in the 1999 General Referee report. A further problem was identified in the General Ref-eree's laboratory when analyzing a high fat fish feed: only an approximate 85% recovery of sulfadimethoxine (SDM) was obtained. It was verified that the extraction conditions, i.e., volume of buffer (3N NaOH and TBAH) are correct, however solubility of SDM is a concern. In the 1999 report, it was suggested to evaporate a portion of the PrepSep eluate and dissolve in a "dilution solution" similar to the mobile phase but without the ion-pair reagent, before LC analysis. Subsequently, it was discovered that the residue after evaporation must be dissolved in methanol and then diluted with the "dilution solution"; however, the volume of methanol is critical-too little results in incomplete dissolution of SDM and too much results in a broad or split ormetoprim (OMP) peak. The suggested procedure is to transfer 3.0 mL PrepSep eluate into a 10 mL volumetric flask, evaporate to dryness with a nitrogen evaporator, add 3.0 mL methanol, sonicate 15 min, then make to volume with "dilution solution." Standard solutions must be made in a similar solution.
Tylosin, LC Method
Associate Referee Mark R. Coleman (Elanco Animal Health) reports that although work continues on the development of a potency method for tylosin by LC, studies have not progressed significantly. Efforts have been slowed due to difficulties correlating the microbiological activities of the individual factors with the LC response. The major difficulties result from the fact that different microbiological methods have been used throughout the world for tylosin and each of these methods results in different microbiological conversion factors. The ultimate goal would be to develop a single LC potency method with a single set of microbiological conversion factors to be used worldwide. Associate Referee Bryan Hopkins, Servi-Tech Laboratories, reports that collaborators for the collaborative study on Available Phosphorus in Soils have returned their data to the Associate Referee. Data analysis using AOAC statistics has been performed, and a report from the Associate Referee is expected later this year. The method selected for the study used the Bray P1 extraction and ascorbic acid with potassium antimony tartrate as the reducing agents for color development. Two-paired test sample sets were used in the study. One set of soils was scooped, and the other was weighed on the analytical balance. The Associate Referee selected 12 non-calcareous agricultural soils with a diverse range of soil properties including: texture, organic matter, and pH. Clay, loam, and sand textural categories were all represented. Test sample pH ranged from 5.0-7.5, with organic matter levels from 0.5-5.0%.
Recommendations
Plant-Available Potassium for Soils, Ammonium Acetate Method
Associate Referee Maurice Watson, Ohio State University, reports that the Committee on Feeds, Fertilizers, and Agricultural Materials has approved the protocol for a collaborative study of plant-available potassium in soils. The Associate Referee will begin contacting potential study collaborators following the selection of soil samples appropriate for the study. Neutral ammonium acetate has been selected as the extractant to be used in the study. Instrumental determination of available potassium will be made by atomic absorption spectrometry (in the emission mode; AAS), or by inductively coupled argon plasma spectrometry (ICAPS). Two-paired test sample sets will be used in the study. One set of soils will be scooped, and the other will be weighed on the analytical balance.
Plant-Available Zinc, Iron, Manganese, and Copper in Soils, DTPA Method
Associate Referee Donald Horneck, AGRI-CHECK, reports that a procedure for the determination of plant-available zinc, iron, manganese, and copper in soils has been selected for a collaborative study. DTPA (diethylenetriaminepentaacetic acid) will be the extractant used for estimating the potential soil bioavailability of these nutrients. Instrumental determination will be made by AAS, or ICAPS. Two-paired sample sets will be used in the study. One set of soils will be scooped, and the other will be weighed on the analytical bal- 
Summary
The microbiological diffusion and turbidimetric assays of antibiotic substances added to feeds are subject to variations. In routine assays, testing for accuracy is important and should be performed frequently by including with routine test samples a feed test sample of known potency of the antibiotic tested (test sample previously analyzed repeatedly). It is advisable to perform analysis of this known test sample once every 2 weeks or more often if the analyst encounters large day-to-day variation. Precision can be tested by including a concentration of the reference standard which is different from those used to construct the dose-response line as unknown. It should be remembered that high precision does not necessarily mean high accuracy.
The operational errors in microbiological assays are numerous and must be controlled. Most analysts routinely follow AOAC methods (1) . In this report, attempts will be made to discuss some technical operations that may not be well described or covered in AOAC methods that are an integral part of the assay.
Cleaning of stainless steel cylinders: Some analysts may consider this to be trivial. Such is not the case. As an example, an analyst analyzing bacitracin noted the deterioration of sharpness of the edge of zones of inhibition over a period of time. Attempts were made to discover the reason behind this phenomenon. New culture inoculum was prepared and every aspect of the assay was examined without success. Finally when the analyst properly cleaned the cylinders used, the problem disappeared. This procedure can be accomplished by washing the cylinders in slightly soapy water followed by thorough rinsing with tap water and distilled water. Repeated rinsing (as many as 10 times) may be necessary to remove residual soap. At times in our laboratory the cylinders are allowed to stand in distilled water overnight. After rinsing, it is best to sterilize the cylinder immersed in distilled water at 15 lbs for 15 min. The water is drained and the cylinders are dried (in wire basket covered with aluminum foil) at 180ºC for 2-3 h, then cooled to room temperature. Sterility of cylinders is not necessary but the cylinders must not be soiled or be wet with condensation. If cylinders do not appear visibly clean, they are sterilized in dilute 0.1N NaOH, rinsed with water, and dried as mentioned before.
Preparation of inoculum:
Roux bottles are used to prepare a good lawn of the test organism. The volume of medium in each bottle may vary slightly, but usually about 150 mL medium is dissolved completely by heating in Erlenmeyer flask then transferred to the Roux bottle. Plug with cotton (lined with cheese cloth). The plug must fit firmly in the mouth of the autoclave bottles in a standing position. When sterilization is complete, open autoclave door carefully and observe the medium in each bottle boiling vigorously. Allow to cool before removing from autoclave, otherwise wetting of the cotton plug may occur, with subsequent contamination. Remove bottles from autoclave and gently lay each on its flat side on a workbench to solidify. There should be no medium solidifying near the cotton plug. If this occurs, start another Roux bottle but decrease the volume of medium. Allow all Roux bottles to remain on a lab bench for approximately 2 days to dry the surface of the medium and then refrigerate until use. When inoculating the surface of medium, use several culture slants. The growth of test organism on each slant is suspended in sterile physiologic saline solution. Transfer to the Roux bottle and spread by tilting back and forth. AOAC (1) recommends the use of sterile glass beads to harvest the growth although we find it unnecessary. Transfer the bacterial suspension to appropriate sterile containers. In our laboratory, we use sterile vials (cryovials; Nalgene Co., Rochester, NY) or equivalent and freeze cultures at -80ºC. At such low temperatures, the vegetative bacterial inocula are preserved for a long time (>1 year). It is not necessary to freeze spore suspension although no deleterious effect is noted if this occurs.
Cleaning of glassware and pipets: Centrifuge bottles, volumetric flasks, graduated cylinders, and other glassware must be thoroughly cleaned manually or by automatic dishwashers. Care must be given to volumetric flasks because the water jets from the dishwasher may not adequately wash the inside of the flasks. Rinse volumetric flasks with soapy water before using the dishwasher. Test tubes must be emptied and brushed with soapy water then rinsed with tap water and distilled water. If tubes contain solidified agar they should be autoclaved first before washing. Glass columns and separatory funnels containing resin materials for hygromycin, apramycin, tylosin, etc., must be emptied first in wastebasket (use force of air) then washed normally. Washing of volumetric pipets is of paramount importance. In our laboratory, the pipets are soaked in cleaning solution [Alcotabs, Alconox, Inc., New York, NY] or equivalent for approximately 24 h then carefully loaded in pipet washer. Pipets are inverted to avoid breaking the tips. The pipet washer is used to rinse the pipets with tap water (15 min) and distilled water (15 min). Dry pipets and store after cooling in lab drawer. Analyst should make certain that the tip and mouthpiece of each pipet is not cracked or chipped. They should note that clean pipets will allow a solution to drain without leaving droplets on the inside glass of any pipet. If this occurs, repeat the rinsing and washing procedures.
Pipeting and dilution errors: Analyst should use Pro-pipet at all times. Fill and empty pipet to rinse the inside glass with test solution. Hold the pipet vertically and refill with test solu-tion. Read the meniscus at the lowest point touching the graduated line. Drain slowly and touch the tip to the inside of the receiving flask several times to drain the solution. A small amount of liquid should remain in the tip of the volumetric pipet even when it is drained completely. The small amount of liquid is about 2.5% for 1 mL pipet and 1% for 3, 4, and 5 mL pipets. Serologic pipets (blowout) are unsuitable for accurate dilution of solutions and are used only for inoculation. In general, the analyst should consider that the larger the volumetric pipet used and the less dilution steps performed, the more accurate and precise results will be. For example, if an analyst makes a 1/50 dilution in 3 steps (1:10, 5:10, and 20:50) the relative random errors is 0.2%. For 2 steps (1:5 and 1:10) the error is 0.2%; for one step (1:50), it is 0.15%. The National Bureau of Standards indicates that the error of using a 10 mL volumetric flask is ±0.10%, whereas for 100 mL flask, it is ±0.08%. For 1, 5, 10, and 50 mL volumetric pipets, the percent error is ±0.7, ±0.3, ±0.20, and ±0.10%, respectively. Microliter pipets should not be used for dilution at any time (bias could be as high as 50%). Accuracy of automatic pipets (1-25 mL) are reported by manufacturers to be 1% and for 25-250 mL, 0.80%. They must be calibrated by the analyst using a mixture of dye and buffer solutions by measuring absorbance.
The above represented some critical technical steps in microbiological assay. Analysts who attempt to cut short these steps will encounter inaccuracy and imprecise results. When this occurs, the analyst will have to repeat the assay perhaps more than once. Undoubtedly, this is most inefficient and costly.
Selected Associate Referee Topics
Tylosin in Feeds
The Associate Referee Mark Coleman at Elanco Animal Health, reported that C. Scott (Elanco Animal Health) studied tylosin assay from feeds containing urea as well as liquid feed supplements. The focus was test sample cleanup for improved tylosin recovery from liquid supplements and to minimize monensin interference in tylosin assay. Test sample preparation included the use of acetonitrile-water extraction followed by hydrolysis of tylosin urea adduct. Solid-phase extraction was then used to isolate the tylosin from the matrix and from some monensin interference. Finally, acidic alumina was used to further isolate tylosin in the test solution for microbiological turbidimetric assay. The alternate method may be time saving and reproducible. Continue study.
Recommendations
(2) Bacitracin in Feeds: Two Associate Referees were appointed for this topic: Elizabeth Luigs for Zinc Bacitracin, and Linda Panazzo for Bacitracin Methylene Disalicylate (MD). Both are from Alpharma, Animal Health Division, 400 State St, Chicago Heights, IL 60411, Tel: +1-708-758-0111, Fax: +1-708-757-2510. They report that double extraction of bacitracin continues to perform well especially for feed with high fat content. Furthermore, the resistant strain of Micrococcus luteus ATCC 700256 is continuously used without problems to analyze bacitracin in the presence of chlortetracycline. Continue study.
(3) Neomycin in Feeds: Associate Referee Deeny Ferrara, Pennfield Animal Health, 14040 Industrial Rd, Omaha, NE 68144, Tel: +1-402-330-6000, Fax: +1-402-330-6004, E-mail: denny@novia.net, reports that one recurring problem with the assay of neomycin is the low slope of the reference standard curve. This can cause variability in the assay to be exaggerated. By using pH 9 tris buffer instead of pH 8 to prepare media for plating, a higher slope was obtained and results were more consistent. Deeny Ferrara replaced Jeff Nielsen as Associate Referee for neomycin in feeds. Continue study.
( Emphasis in North American regulatory feed agencies appears to be shifting from analysis of final products to testing of ingredients. Analysis for the traditional label guarantees will still be of concern, but it will not be the only concern. Surveillance programs of feed ingredients for potential contaminants are becoming common. The overall emphasis is shifting from one of finding problems to a preventative philosophy, i.e., catching problems before they hit the marketplace. The preventative issues relate to feed/food safety. With the shifting priorities, importance may be placed on tests that can be performed rapidly.
4) Low-Level Chlorotetracycline in Feeds:
Looking into the future (maybe not so distant), laboratories may be called upon to support the potential regulation of biotech crops/products and BSE regulations.
Methods needed for feed programs and/or by feed laboratories fall into three categories: (1) the need for updating many "older" methods to current practices and modern equipment; (2) validation of new analytical methods where none currently exist; and (3) replacement of some existing methods with more environmentally friendly methods that minimize the use of and exposure to hazardous materials in the laboratory. The critically needed new methods include such topics as inorganic minerals (heavy metals and chelated minerals), vitamins, enzymes, herbal products, mycotoxins, methods which estimate digestibility or availability to the animal, microbials, and contaminative level drugs and antibiotics.
Another area of growing importance in feed laboratories is accountability. Emphasis on the implementation of quality assurance and quality control is increasing, with future implications for accreditation. The original method, as it was presented by Kjeldahl, has been continuously improved. These developments have improved environmental and personal safety aspects, increased the speed and versatility of the method, and simplified the entire analytical procedure.
The Kjeldahl method has 3 different steps: digestion, distillation and titration. Traditionally Kjeldahl flasks with a capacity for 500-800 mL and gas or electric heating have been used for the digestion. Distillation has been done by adding water and alkali to the digested sample followed by heating of the flask in order to distill >150 mL distillate. The distilled ammonia has been captured in standardized acid and back titration has been done using standardized sodium hydroxide.
In 1970, a modern concept using a block digestor was introduced by the Swedish chemist Roger Mossberg, thereby allowing for reduced usage of chemicals and improved efficiency of the digestion. The distillation step was also drastically reduced in time by using a steam distillation procedure. The distillate was captured in a boric acid receiver, thereby omitting the need for standardizing of one reagent.
Today, this method is universally accepted and used in tens of thousands of laboratories throughout the world. However, when it comes to demands on validation of the method, the situation is somewhat complicated. In selected cases there are official standard methods available describing this method (ISO, DIN, National Standards, and AOAC). A review of the available AOAC procedures for Kjeldahl show that the laboratory that wants to follow an official procedure closely has a problem when trying to use this method because it is only approved for dairy products, and meat and meat products. For most feed materials, traditional Kjeldahl flask digestion and back titration of standard acid is still the only approved Kjeldahl methodology. For the majority of agricultural sample types the use of copper catalysts instead of mercury catalysts has been approved, thereby minimizing the environmental hazards of the method.
A method based on block digestion/steam distillation/boric acid receiver having a wide scope of applicability for agricultural products would definitely fulfill a need in the international laboratory society. The proposed method compares excellently with AOAC Methods 976.06 and 990.03 on a wide range of feed materials. A study protocol will be submitted to AOAC INTERNATIONAL before the Annual Meeting in September 2000.
Fat, Solvent Extraction (Submersion Method)
Associate Referee Nancy Thiex, South Dakota State University, is working to extend Method 991.36 to feeds. Method validation has been completed. During the course of the project, it became apparent that many feed laboratories are using petroleum ether instead of diethyl ether, which is the official solvent. The use of petroleum ether seems to be due to concerns about safety when using diethyl ether. Comparisons of petroleum ether, hexanes, and pentanes to diethyl ether as potential solvents for fat extraction have been made for 6 feed materials in 3 different laboratories. After decisions about which solvents to include in a collaborative study, a study protocol will be submitted.
Neutral Detergent Fiber, Acid Detergent Fiber, and Lignin Using Filter Bag Technology
Associate Referee Andrew Komarek, ANKOM Technology Corp., reports that this method is a new analytical approach using filter bags to support batch analyses of fiber studies. Representative portions of test samples are encapsulated in a unique filtration media designed to capture particles as small as 25 µm in size. This encapsulation allows for multiple test samples to be analyzed simultaneously while protecting the quantitative uniqueness of each test sample. Test portions are solublized using conventional solutions as per AOAC methods or other accepted standards (1, 2). Filter Bag Technology (FBT) was first introduced in 1993 (3) and is in use in over 70 countries around the world. The method supports gravimetric analyses of amylase neutral detergent fiber (aNDF), acid detergent fiber (ADF), crude fiber (CF), acid detergent lignin (ADL), and in vitro dry matter digestibility (IVDMD). The focus of this report is aNDF, ADF, and ADL.
During the past 12 months, the Youden design was used to evaluate the method's sensitivity to numerous factors. Specifically the impact of solution and rinse water temperatures, modification of pressure levels, concentration levels of sodium sulfite and alpha amylase, test portion size, test portion to solution ratios, and extraction times were studied. The system proved to be rugged with minor clarifications added. Some additional modifications were added for feed materials containing soy product or >5% fat. The specific modification is as follows: Fat is extracted by placing 24 bags with test portions into a 500 mL bottle with a top. Enough acetone is added to cover bags. After securing the top, shake the container 10 times and allow bags to soak for 10 min. Repeat with fresh acetone. Pour out acetone and place bags on a wire screen to air-dry (approximately 5 min) before proceeding.
The current focus is on considering whether modifications are required to accurately recover fiber components in heat-damaged feed materials. Next steps include identifying the proper fiber values of heat-damaged feeds and clarifying acceptable precision. After this step the final recommendation for the comparative protocol, the identification of feed materials for evaluation, and the re-notification of laboratories preparing for collaborative support will be made.
Phytase Activity in Feeds
Associate Referee Peter H.G. Randsdorp, SDM Food Specialties, reports that phytase has been used successfully as a feed additive for poultry and pigs (monogastric animals) to improve phosphorus availability in feed. The enzyme can be found in various sources (e.g., in seeds), and many microorganisms produce phytase (e.g., molds of the Aspergillus type). For application of phytase in the feed industry, a reliable and easy to use colorimetric enzymatic method for determination of phytase activity has been developed so that enzyme preparations can be compared on the basis of the same unit definition and the same method.
Phytase is incubated with sodium phytate, liberating inorganic phosphate at 37°C and pH 5.5. Adding acid molybdate/vanadate reagent that at the same time produces a colored complex with the phosphate produced, stops incubation. The color of the yellow vanado-molybdo-phosphor complex, which is a measure for phosphate, is measured at a wavelength of 415 nm.
Fourteen and 13 laboratories, respectively, participated in 2 separate collaborative studies (fyt9404 and fyt9410). These studies were executed according to the guidelines described by Youden (4) and ISO 5725 (5, 6) . Each laboratory received the procedure and 6 test samples per study (activity level within the range 200-500 phytase units [FTU]/kg). The test samples included layer feed, layer breeders feed, broiler feed, turkey feed, pig feed, and piglet feed.
For study fyt9404, repeatability relative standard deviation (RSD r ) values were 6.2-8.6%, and reproducibility relative standard deviation (RSD R ) values were 14.1-27.6%. No outliers were identified. For study fyt9410 the RSD r values were 3.9-7.9%, and the RSD R values were 14.0-20.5%. With outliers excluded RSD r values were 2.5-7.9%, and RSD R values were 14.0-20.5%.
Laboratory Sample Preparation
Associate Referee George W. Latimer, Office of the Texas State Chemist, reports that the AAFCO Laboratory Methods and Services Committee has completed a sampling manual Guidelines for Preparing Laboratory Samples.
The AAPFCO (Association of American Plant Food Control Officials) sample study group has continued its study of methods designed to sample large fertilizer bags such as those David Terry is subjecting the data to ANOVA evaluation.
The AAPFCO Committee formed to evaluate sampling plans for bulk fertilizers has conducted a series of sampling experiments. The data for sampling compartmentalized containers have been incorporated into an article now being reviewed by the committee members.
